Dietary inclusion of chestnut tannins in pig showed to reduced lipid oxidation (Ranucci et al., 2015) as well to decrease malondialdehyde concentration in meat, serum and liver of heat-stressed lambs (Liu, Li, Mingbin, Zhao, & Xiong, 2016) . Quebracho tannins showed to affect colour stability during refrigerated storage of sheep meat even if no appreciable effect on lipid peroxidation was showed (Luciano et al., 2009) . Few articles aimed to study the effects of chestnut or quebracho tannins as dietary supplementation on rabbit meat quality (Dalle Zotte & Cossu, 2009; Gai et al., 2009; Liu, Dong, Tong, & Zhang, 2011; Liu, Zhou, Tong, & Vaddella, 2012; Liu et al., 2009) . Furthermore, these researches, conducted on several animals, aimed to study the effect of a single type of tannin and few data are available on the effect of a mix of these two types of tannins (Mancini, Moruzzo, et al., 2018; Parisi et al., 2018) .
For these reasons the aim of our study was to evaluate the effects on rabbit meat characteristics of two dietary doses of chestnut and quebracho tannins mix with the main focus on lipid oxidation. Moreover, in order to quantify the effects of dietary tannins on shelf life during commercial selling and human consumption a refrigerate storage of 11 days and a cooking sections were also considered.
| MATERIAL AND ME THODS

| Animals and sampling
Ninety 30-day-old hybrid rabbits were randomly allotted into three distinct groups and housed in colony cages (three rabbits/ cage, 60 × 40 cm). The cages were made of galvanised wire net and equipped with feeders and automatic drinkers. As basal diet (control, C) was used a commercial pellet (Table 1) . One group of 30 rabbits fed the C diet, the other two experimental groups fed the same pellet supplemented with an extract of chestnut (Castanea sativa Mill.) and quebracho (Schinopsis spp.) tannins manufactured by Silvateam NUTRI P powder ® (Ledoga S.r.l., Cuneo, Italy). Chemical composition of the tannin mix was: 750 g/kg tannins, 150 g/kg nontannin, 80 g/ kg water and 20 g/kg insolubles (pH 4, 0.1 mg/ml solution) on a fresh matter basis. The total tannin content was determined according to ISO 14088:2012 ISO 14088: (2012 .
Tannins mix was added at the concentrations of 0.3% (diet 0.3) or 0.6% (diet 0.6) of the feed (0.34 g/100 g and 0.68 g/100 g of dry matter respectively). The two experimental concentrations were chosen on the basis of previous research studies on rabbit dietary supplementation with chestnut Liu et al., 2009 Liu et al., , 2011 Liu et al., , 2012 During the whole experimental period (60 days) body weights and feed intake were registered weekly as well as any subject death and morbidity episode.
Ten rabbits from each experimental group were slaughtered at 90 days of age (60 days of diet trial). Rabbits were electro-stunned and slaughtered by cutting carotid and jugular veins. The dissection procedures of warm and chilled carcasses followed the World Rabbit Science Association (WRSA) recommendations (Blasco & Ouhayoun, 1996 or T2 and T11 of raw samples (Lundström & Malmfors, 1985) ; cooking loss was quantified as loss of weight after cooking in a preheated oven at 163°C to an internal temperature of 71°C (AMSA, 1995) .
Colour was determined through a Minolta CR300 chroma meter (Minolta, Osaka, Japan) with aperture size of 8 mm, illuminant D65, incidence angle of 2°. CIELab parameters (CIE, 1976) were recorded in three different spots of each samples. Hue (H*) and chroma (C*) indexes were calculated on a* and b* parameters (CIE, 1976) .
Chroma meter was calibrated before each session on a white plate (L* = 98.14, a* = −0.23 and b*=1.89).
Colour differences between samples were calculated on the formula proposed by Sharma and Bala (2002) as numerical total colour difference as follows:
where L* α , a* α , b* α , and L* β , a* β , b* β are the values of two different diets or two different storage times. A variation in colour (ΔE) equal to 2.3 units corresponds to a just-noticeable difference (JND) for the human eye; higher variation is considered discernible.
| Fatty acids profile
Lipids were extracted from 5 g of minced muscle with chloroformmethanol (2:1 v/v) according to the method of Folch, Lees, and Sloane-Stanley (1957) .
The fatty acid methyl esters (FAMEs) were prepared with a base-catalysed transesterification according to Christie (1982) . The The average amount of each FA was used to calculate the sum of the saturated (SFA), monounsaturated (MUFA) and polyunsaturated fatty acids (PUFA) and to calculate the atherogenicity index (AI), the thrombogenicity index (TI), the peroxidisability index (PI) and the ratio hypocholesterolemic -hypercholesterolemic indexes (h/H) as reported by Ulbricht and Southgate (1991) and Santos-Silva, Bessa, and Santos-Silva (2002):
| Lipid peroxidation and antioxidant capacity
Thiobarbituric acid reactive substances (TBARS) were evaluated using the procedure described by Leick et al. (2010) . Absorbances of the samples were quantified with a spectrophotometer to wave length of 532 nm (V-530 Jasco International, Milan, Italy). A standard concentration curve of TEP (1,1,3,3-tetraethoxypropane; 0-7.5 mM)
was plotted in order to obtain the sample's MDA concentration.
Results were expressed as mg MDA/kg of sample.
Antioxidant capacity was assessed on ethanol extracted samples according to Mancini et al. (2015) with three different methods using the ABTS probe (ABTS reducing activity assay; ABTS, 2,20-az inobis(3-ethylbenzthiazoline-6-sulphonic acid)) as reported by Re et al. (1999) , the DPPH probe (DPPH scavenging activity; DPPH, 2,2-diphenyl-1-picrylhydrazyl) following the method of Blois (1958) modified by Jung et al. (2010) and the ferric reducing ability (FRAP) as described by Descalzo et al. (2007) .
| Statistical analysis
Rabbit live performances (body weights on individual data, feed intake and feed conversion ratio on cage) were statistically analysed via one- were analysed as fixed factors and the animal was set as random factor. Moreover, the interaction D × T was also tested. Chi square test was used to compare non-parametric data (morbidity and mortality).
h∕H = (C18:1 9 + C18:2 6 + C20:4 6 + C18:3 3 +C20:5 3 + C22:5 3 + C22:6 3)∕ C14:0 + C16:0 PI:
Significance level was set at 5% and the differences were assessed using Tukey's test. Data were reported as the mean of the fixed effects D and T and the variability was expressed as Root Mean Square Error (RMSE). Statistical analysis was performed with the R free statistical software (R Core Team, 2015) .
| RE SULTS AND D ISCUSS I ON
| Live performances, morbidity and mortality
No significant differences were found in average daily weight gain, feed intake, feed conversion ratio and final live weight (Table 2) .
Indeed, the rabbit fed with diets supplemented with tannins showed similar performance to those of rabbits fed with C diet. In the past tannins were described as anti-nutritive substance and studied for their anti-nutritional effects which reduced the performance in growing animals (Mueller-Harvey, 2006; Smulikowska et al., 2001 ).
In contrast several authors showed lack of differences, or even increased ones, on the performances of rabbit and other species fed with diets supplemented by tannins (Liu et al., , 2011 . Similar results were observed by Liu et al. (2009) in rabbits fed with chestnut tannins who hypothesized that the reason might be related to the small amount of tannins supplemented in the diet. Furthermore, at low concentration seems that tannins played a role as a protective factor of the intestinal mucosa and as a control of peristaltic activity in presence of digestive disorders. The lack of effect of dietary tannins was also highlighted by the no statistical differences showed for morbidity rate and mortality rate (Table 2) .
| Proximate analysis, pH, colour and water holding capacity
No significant differences were observed in proximate compositions of muscles at T2 (moisture: 73.43% ± 0.81; protein: 21.70% ± 0.49; ether extract: 1.05% ± 0.07; data not shown).
Effects of diet and storage time on pH, water holding capacity and colour were reported in . In our trial, mix of quebracho and chestnut tannins seems to modify the samples colour in a different way from the two components used alone. No other modifications were highlighted on both raw and cooked samples on pH and colour indexes.
Storage time affected all the physical parameters ( Table 3) . As expected, pH and water holding capacity (both drip and cooking losses) Cooked samples showed a different trend of raw samples: both L* and a* showed to decrease during storage time. The lowest L* value in cooked samples at T11 could be related to the highest water losses occurred during cooking; as previously observed in rabbit meat products higher water losses affect negatively the increase of L* naturally occurred during cooking (Mancini, Preziuso, & Paci, 2016) .
The colour differences (∆E) of both raw and cooked samples were reported in Table 4 . Raw samples of all the diets showed to modify their colour between T2 and T7 and maintain these differences at T11. Cooked samples showed a discernible ∆E in the overall time (T2-T11); only the diet 0.3 showed a small variation also in the time between T2-T7 (near to the threshold of 2.3 points).
Colour variations as function of diet during the different storage times showed that at T2 there were no eye visible differences between diets; contrarily at T7 and T11 all the samples appeared different between each other. This variation could be related to the modification of b* index by the dietary supplementation of tannins (as previously described, Table 3 ). Diets: C -basal diet, control; 0.3 -basal diet + 0.3% of tannins blend; 0.6 -basal diet + 0.6% of tannins blend. a,b,c in the same row indicate significant differences for D; x,y,z in the same row indicate significant differences for T.
TA B L E 2 Growth performance, morbidity and mortality of rabbits
TA B L E 4 Total colour difference (ΔE) during storage time of the same diet and between different diets at the same storage time
ΔE Storage time (T)
Raw samples Cooked samples
Diet (D)  T2-T7  T7-T11  T2-T11  T2-T7  T7-T11  T2- Effect of cooking induced a colour variation to all the samples, with ∆Es ranged between 17.11 and 27.03. This modification leads to a uniformity of samples' colour, and as consequence, no colour differences were highlighted between cooked samples of different diets at the same storage time.
| Fatty acid profile
Effects of dietary supplementation of tannins mix and refrigerated storage on raw and cooked meat samples are reported in Table 5 and   Table 6 , respectively.
No dietary influences were highlighted in both the types of sample. These results could be expected as no variation in di- Indeed, calculated indexes confirmed that during storage time both raw and cooked samples worsened their health characteristics as HH and PI indexes raised and AI and TI indexes decreased.
| Lipid peroxidation and antioxidant capacity
Lipid peroxidation (TBARS) and antioxidant capacity (ABTS, DPPH and FRAP) of raw and cooked samples were reported in Table 7 .
FRAP method revealed a scarce ability of rabbit meat to react with reagents. This lack of sensitivity of FRAP method on dietary trial on rabbit meat was in part just highlighted in a previous research study conducted on the effect of dietary ginger powder on rabbit meat (Mancini, Secci, Preziuso, Parisi, & Paci, 2018) . Diets: C -basal diet, control; 0.3 -basal diet + 0.3% of tannins blend; 0.6 -basal diet + 0.6% of tannins blend. The fatty acids C12:0, C15:0, C17:0, C20:0, C17:1, C18:1ω,7, C20:1, C20:2ω6, C20:3ω6 and C20:5ω3 were detected but not listed in the table because below 1.5%. All the mentioned fatty acids have been utilised for calculating the sums of the lipid fractions.
x,y,z in the same row indicate significant differences for T.
fed 0.6% of tannins supplementation showed higher capacity to inactivate oxidant probes than control fed rabbits; diet with 0.3% of tannins induced an antioxidant capacity with values between the other two diets.
Considering storage time all the samples increased their lipid peroxidation along with a decrease of antioxidant capacity.
As for raw samples no significant interaction D × T was showed in cooked samples for TBARS, ABTS and DPPH quantification. Lipid TA B L E 6 Fatty acid compositions (%) and calculated indexes of cooked meat samples Diets: C -basal diet, control; 0.3 -basal diet + 0.3% of tannins blend; 0.6 -basal diet + 0.6% of tannins blend. The fatty acids C12:0, C15:0, C17:0, C20:0, C17:1, C18:1ω,7, C20:1, C20:2ω6, C20:3ω6 and C20:5ω3 were detected but not listed in the table because below 1.5%. All the mentioned fatty acids have been utilised for calculating the sums of the lipid fractions.
x,y,z in the same row indicate significant differences for T. 
TA B L E 7
| CON CLUS IONS
Supplementation of a mix of chestnut and quebracho tannins seems to not modify extremely the physical characteristics of rabbit meat, as only a reduction of yellowness was revealed. Supplementation of tannins mix did not modify fatty acids profile of rabbit meat, thus the natural chemical and nutritional characteristics of rabbit meat were maintained. Tannins improved the capacity of both raw and cooked samples to resist to lipid peroxidation, moreover, an increased antioxidant capacity was showed in raw samples. Supplementation with 0.6% of chestnut and quebracho tannins mix seems to be a potential dose to forficate rabbit meat against oxidation without inducing modifications to the other characteristics.
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